Abstract
Introduction
Maize (Zea mays L.) ranks the third largest cereal crop after wheat and rice on hectare basis in Pakistan. Its grain is a rich source of many important nutrients and used for multipurpose. But yield of maize crop is alarmingly affected due to deficiency of plant nutrients in Pakistan. The application of essential plant nutrients in optimum quantity and right proportion is a key to enhance and sustain crop productivity [1] . Overall crop nutrition plays a vital role in plant development and it is generally comprised of macronutrients and micronutrients with major role of macro ones, but the micronutrients (Zn, B, Co, Mn, Mo, Cu, Ni and Fe), even being required in smaller amounts are of equally vital for plant growth and development [2] . It is due to the fact that micronutrients not only enhance the grain yields but contribute to improvement of the quality in terms of grain nutrients as well [3] . It was further elucidated that micronutrients can increase grain yield up to 50%, as well as increase macronutrients use efficiency [4] . Therefore, we can pursue the role of micronutrients in balanced combinations for getting optimal production. Especially the uses of specific mineral nutrients have become crucial for better plant growth [5] which can be supplemented as a chemical fertilizer in various cropping zones.
Among the micronutrients, zinc is an essential nutrient for the standard and healthy growth and development of plants. Generally, zinc affects the synthesis of protein in plants hence is considered to be the most critical micronutrient [6] . Zn is also crucial in taking part in plant development due to its catalytic action in metabolism for all crops especially maize [7] whereas Zn is used by the plant in many of its vital processes such as synthesis of protein, structure and functions of membrane, expression of genes and oxidative stress tolerance [8] . Similarly, application of ZnSO 4 significantly increased the maize yield [9] . B and Zn have significant interaction with maize growth and tissue nutrient concentration [10] . Therefore, the deficiency of Zn in soil causes deficiency in crops and altogether this has become a problem all over the world with acute zinc deficiency ranges in arid to semi-arid regions of the world [11] . So, Zinc deficiency is a common phenomenon of crops especially in predominantly high pH soils having low zinc [12] . This trend of Zn deficiency has been detected in new crop varieties as compared to old ones [13] . The genetic differences among crop varieties and species for the uptake of Zn could be promising approach to Zn problem which invites the selection of proper genotypes.
Moreover, the proper method of nutrient application can be another approach for better uptake and utilization of Zn. Amongst different methods, the foliar spray of micronutrients is an efficient one for enhancement of crop productivity [14] . This way of nutrient application is easy and simple in improving plant nutritional condition of maize [15] and wheat [16] . Reasons for effectiveness of foliar spray are simple due to its direct application to the leaves [17] . However, micronutrients can be applied directly into the soil as well. Soil applied Zn is effective in enhancing the grain yield whereas Zn concentration in grain improves via foliar spray of Zn fertilizer. Based on particular studies, soil and foliar applications of zinc enhance the yield of crops [18] , whereas increased Zn uptake and accumulation in crop grain have been found with both of the soil and foliar application [19] .
Keeping in view of the systematic studies on zinc application methods and different potentials of maize cultivars to take up zinc, a study was planned in order to determine the growth response of maize hybrids under varying levels of zinc application, their comparative uptake and to find out appropriate stage of zinc application.
Materials and Methods
The present study was carried out at Agronomic Research Area, University of Agriculture, Faisalabad (184 meters elevation, 31˚N latitude and 73˚ longitudes) during 2011. Soil samples were collected before sowing and after harvest of maize from experimental area in order to have a view of physico-chemical properties of soil with special reference to zinc ( Phosphate) and Urea while remaining half of nitrogen was applied in two splits i.e. at five leaf stage and other at tasseling stage. ZnSO 4 solution of 1% was prepared from 21% Zinc sulphate salt. Foliar spray of 1% ZnSO 4 was applied as per treatment and soil application of ZnSO 4 @ 12 kg•ha −1 was accomplished at the time of sowing. Subsequent irrigations were applied, whenever needed to the crop. Thinning was done at 3 -4 leaf stage in order to maintain plant to plant distance of 20 cm. Crop was kept weed free and insect pest were also controlled with proper application of chemicals. The crop was harvested manually after its maturity on 24 th of June 2011. Data regarding stem diameter, number of leaves per plant, days to 50% tasseling, crop growth rate (CGR), grain yield, Zn concentration in grains and straw were recorded using standard procedures. For this purpose ten plants were randomly selected from each plot and tagged. The field was visited twice a day right from start of tasseling until its completion and the date of start of tasseling were recorded with the help of tags. After completion the tags were removed from the plants and written dates were recorded which were used to calculate the days to 50% tasseling. At harvest, diameter (cm) of ten randomly selected striped stems from the base, middle and top was measured and averaged. Likewise, the leaves were counted randomly from ten plants and then averaged. The cobs were separated from the plants of each plot and put in the paper bags. Then shade dried the cobs in the bags. After drying, the cobs were shelled through a mechanical sheller. The grains from each plot were weighted by using a spring balance in kg. Final data was recorded in tons per hectare after making conversions. Crop Growth Rate (CGR) was calculated as proposed by Hunt (1978) [20] 
Results and Discussion

Stem Diameter
The data presented in Table 2 showed that there was significant difference in stem diameter among all maize hybrids. Maximum stem diameter (1.25 cm) was recorded in Monsanto-6525, followed by Pioneer-32F 10 (1.13 cm) while Hycorn-8288 had minimum stem diameter of 0.99 cm. All treatments of ZnSO 4 had no significant effect on stem diameter in maize hybrids. The interaction between maize hybrids and different ZnSO 4 treatments was statistically non-significant.
Stem diameter is an important yield contributing trait in maize. It contributes significantly to grain yield of maize because it control both number of grains per cob and grain size. In our study, the results depicted that ZnSO 4 application exhibited no significant effect on stem diameter. However, due to genetic variations different maize hybrids showed significant difference regarding stem diameter in maize. Contrarily, foliar application of micronutrients increased the diameter of plant over the control treatment [22] . So, these findings conclude that the entire maize hybrid gave equal stem diameter at all treatments of zinc application.
Number of Leaves per Plant
Data pertaining to the number of leaves per plant as affected by different treatments of ZnSO 4 application in maize hybrids is presented in Table 3 . The results showed that all maize hybrids produced significantly different number of leaves per plant. Maximum numbers of leaves (13.3) were found in Monsanto-6525, followed by Pioneer-32F 10 which produced 12.7 leaves per plant. Hycorn-8288 produced minimum number of leaves per plant (10.0). There was no significant difference on number of leaves at all ZnSO 4 treatments. The interaction between different maize hybrids and ZnSO 4 treatments was also found statistically non-significant.
An important feature of plant which contributes towards the grain yield is number of leaves per plant. Non significant effects of ZnSO 4 could be attributed to genetic potential of maize hybrids. It was reported that appli- cation of zinc and manganese had positive effects on growth parameters [23] . In contrast to this it was reported that foliar application of zinc significantly increased the growth parameters of mungbean plant [24] .
Number of Days Taken to 50% Tasseling
The data presented in Table 4 clearly depicts that the interaction between ZnSO 4 treatments and maize hybrids for the number of days taken to 50% tasseling was found to be significant. Maximum number of days to tasseling (85.33) was observed with a foliar spray of ZnSO 4 at 9 leaf stage (Zn 2 ) in Pioneer-32F 10 which was statistically at par with same foliar spray in case of Monsanto-6525 (84.00). However, the minimum number of days (80.33) to tasseling was taken by the Hycorn-8288, when foliar application was done at anthesis @ 1% ZnSO 4 solution. Moreover, different hybrids also differ significantly in number of days taken to 50% tasseling. However with regard to the zinc treatments, there were no significant differences among the different treatments of ZnSO 4 application. The results of our study are quite in line with a study reported that formation of male and female reproductive organs and pollination are disturbed by zinc deficiency, which may be credited to the decrease of Indol Acetic Acid (IAA) synthesis in plant tissues [25] .
Crop Growth Rate (CGR)
Results of this study indicated that the interactive effects of maize hybrids and ZnSO 4 application were found significant for mean crop growth rate (CGR) as depicted in Maximum crop growth rate was recorded up to 85 DAS; this progressive increase in crop growth rate was due to increase in sunshine hours which led to increase the rate of photosynthesis resulted in more CGR. Maize hybrids showed the highly significant effect on mean crop growth rate (MCGR). Result trend of our study revealed that Pioneer-32F 10 had 7.4% more crop growth rate than Monsanto-6525 and 40% more than Hycorn-8288. This increase might be due to more leaf expansion and high rate of photosynthesis in Pioneer plants. Foliar application of ZnSO 4 had significant effect on growth rate of plants. It could be possibly due to increase in chlo- Any two means not sharing a letter in common differ significantly at p ≤ 0.05. 
Zn Concentration in Grains
Data related to zinc concentration in grains as presented in Table 6 revealed that the combined effect of different ZnSO 4 treatments and hybrids on grain Zn concentration was found to be statistically significant. Zn 1 ) and 49.56% more than control treatment. Our findings are in accordance with earlier study which reflected that foliar application of zinc increased the concentration of Zn in grains [27] . Some other researches are also of the same view [28] . Results further demonstrated that foliar application of ZnSO 4 at 9 leaf stage produced 33% more grain Zn contents in Pioneer as compared to Monsanto and Hycorn. Foliar and soil application of zinc fertilizers seems to be an effective way of maximizing grain zinc concentration in maize as reported in previous study [19] .
Zn Concentration in Straw
The interactive effects of maize hybrids and ZnSO 4 treatments were also found significant for straw zinc contents ( Table 7) . Soil application of Zn (Zn 1 ) in Monsanto-6525 accumulated maximum straw Zn contents (96.47 ppm) but Pioneer-32F 10 and Hycorn-8288 retained maximum Zn contents (94.84 ppm) and (95.13 ppm) in straw respectively under Zn 2 (foliar spray of ZnSO 4 at 9 leaf stage). All hybrids retained minimum Zn contents in straw at Zn 0 (control). Results showed that foliar application of ZnSO 4 accumulated 13.33% more Zn contents in straw as compare to soil application. The results revealed that maize hybrids uptake and accumulate more Zn in straw as compare to grains. The study also proposed that the individual effects of ZnSO 4 application and maize hybrids were also found significant for straw Zn contents. It was reported that a considerable fraction of the phenotypic difference in zinc uptake efficiency is under the genetic control [29] . Differences in Zn use efficiency have been reported in various crops such as wheat [30] and cotton [31] . Foliar application of ZnSO 4 accumulated 13.33% more Zn contents in straw as compared to soil application. Contrarily, different wheat genotypes retained more zinc contents in grain as compare to straw [32] .
Grain Yield
Similarly, the interaction between ZnSO 4 treatments and hybrids was also found significant for grain yield ( ) was obtained with foliar spray of ZnSO 4 at 9 leaf stage (Zn 2 ) in case of Monsanto-6525 and it differed significantly with other hybrids. Furthermore, the study demonstrated that grain yield in different ZnSO 4 treatments and maize hybrids individually, were also found significant.
Grain yield is an ultimate end product of many yield contributing components, physiological and morphological processes taking place in plants during growth and development. Maximum grain yield in case of Monsanto-6525 can be attributed to the maximum number of grain rows per cob, number of grains per cob and grain weight per cob. Zinc is an important micronutrient needed by the maize plant and its deficiency especially during the grain filling stage reduces the grain yield and efficiency of plants [33] . The results are also in agreement with the earlier findings that foliar application of ZnSO 4 at 5 leaf stage significantly increased the grain yield of maize hybrid [34] . These results are also in consonance with a study which exhibited that foliar application of ZnSO 4 is better to increase the grain yield of maize hybrids [16] .
Conclusion
The study showed that different treatments of ZnSO 4 had promotive effects on almost all of the growth, yield and qualitative parameters discussed, except stem diameter and number of leaves per plant. Foliar application of ZnSO 4 at 9 leaf stage accumulated 19.4% more Zn contents in maize grains and 12.4% more Zn concentration in straw as compared to soil application and also resulted in higher crop growth rate. On an average, Monsanto-6525 and Pioneer-32F 10 have 80% and 50% more grain yield than Hycorn-8288 hybrid. Maximum marginal rate of return (1145%) was obtained by planting Pioneer-32F 10 with foliar application of 1% ZnSO 4 solution at 9 leaf stage.
